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Adhesives

Limitations: 

• Surface roughness

• Surface energy

• Contamination

• Temperature

• Humidity

• Curing 

• Moisture / Oil



Biological Adhesives
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Biological Adhesives

van der Waals Forces

Gluey Secretions
Suction

Mechanical Interlocking 

Capillary Adhesion

Friction



“Dry” Adhesive

“Wet” Adhesive

Environment



>1,400 species

One of the most 

diverse groups of 

terrestrial 

vertebrates



Gecko Adhesive System

• Morphology

– Toe Pad

– Setal mats

– Branched Setae

– Flattened Spatula 

• Mechanism

– van der Waals 

Forces



Surface Roughness and 

Contamination

Autumn, Niewiarowski and Puthoff, 2014

Huber et al., 2007 

Gillies et al., 2014 



Wet Substrates

Stark et al., 2012



Niewiarowski et al., 2008
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Hydrophilic Hydrophobic 

(PMMA) (Teflon)

Stark et al., 2013



>20,000 species

25% terrestrial 

animal biomass



Ant Adhesive System

• Morphology

– Claws

– Tarsal Pad

– Adhesive Secretion

• Mechanisms

– Mechanical Interlocking

– Some Friction

– “Capillary” Adhesion



Tropical Rainforest Canopy



Shear AdhesionNormal Adhesion



Surface Roughness

Normal Adhesion Shear Adhesion

Stark and Yanoviaka, in prep



Wet Substrates

Normal Adhesion Shear Adhesion

Stark and Yanoviakb, in prep

Hydrophobic Hydrophobic Hydrophilic Hydrophilic 
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Stark, Arstingstall and Yanoviak, in prep



Stark, Arstingstall and Yanoviak, in prep





Bio-inspired Gecko Adhesives

Ge et al., 2007

Bartlett et al., 2012

Boesel et al., 2010

Lee et al., 2009

nanoGriptech



Ant-inspired Synthetics

Federle et al., 2002; Dirks and Federle, 2011

Votsch et al., 2002



Bio-inspired Adhesives

Limitations:

• Buckling

• Damage

• Self-adhesion

• Contamination

• Moisture / Oil

• Surface Roughness

• Surface Energy

• Adhesive Chemistry

• Temperature & Humidity

WHY? 



Biological Adhesives

How? 

Where? 
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Questions?







Bio-inspired Adhesives



Stark et al., in prep



Adhesion in Air and Water

Singla et al., in prep

Hydrophilic Substrate Hydrophobic Substrate

Uncoated        Hydrophilic    Hydrophobic Uncoated        Hydrophilic    Hydrophobic



Biological Adhesives
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